1962.-A factor which produces hyperphosphatasemia after intravenous injection into animals has been found in culture filtrates of several bacilli. The factor appears not to be lecithinase, although it has been found only in culture filtrates of microorganisms, such as
Bacillus cereus variants and B. thuringiensis, which are known to produce lecithinase. The factor has been shown to be different from the protective antigen fraction of the toxin of B. anthracis. The phosphatasemic response can be prevented by mixing the factor with antiserum before injection.
Immunological tests indicate that the centers of ossification may be a principal source of the excess alkaline phosphatase which is liberated into the bloodstream. However, moderate changes in bone alkaline phosphatase activity levels, brought about by the development of scurvy in guinea pigs or by treatment of scorbutic guinea pigs with ascorbic acid, did not seem to affect the phosphatasemic response of the animals. Marked release of alkaline phosphatase occurs when slices of rabbit epiphyseal bone or kidney cortex, or suspensions of leukocytes, are incubated with small amounts of the phosphatasemia factor.
The most striking change in blood constituents which has been detected after the intravenous injection of the crude toxin of Bacillus anthracis into animals is the immediate development of a marked alkaline phosphatasemia (Slein and Logan, 1960) . Further studies have been made in an effort to determine the specificity of the response with regard to the causative agent and the tissue source of the alkaline phosphatase which is liberated into the bloodstream. Results to be reported in this paper suggest that the phenomenon may not be related to the lecithinase activity of culture filtrates of bacilli, and that the centers of ossification may be the principal source of the phosphatasemia.
MATERIALS AND METHODS Culture filtrates and other preparations tested. The microorganisms used were from stock cultures available at Fort Detrick. The B. anthracis strains included the virulent forms, VIB and M-36, and avirulent forms VIBR, M-36R, and a strain isolated by Sterne (1937) . Most of the tests with B. cereus were done with strain 6464. Cell-free culture filtrates of the various microorganisms grown statically for 22 to 72 hr at 37 C were used as the source of test material for injection. The medium used was that described by Thorne, Molnar, and Strange (1960) , except that in most cases a final concentration of 0.1 M phosphate buffer, pH 7.5, replaced the NaHCO3. In some cases the toxic activity of B. cereus was concentrated by saturating culture filtrates with (NH4)2SO4 in the cold to give a precipitate which was dissolved with water and dialyzed against several changes of cold 0.025 M phosphate buffer, pH 7.6, until free of ammonium ion. Protein was estimated by the method of Lowry et al. (1951) , with serum albumin as standard.
A crude lyophilized fraction of B. cereus lecithinase, which had been stored in a desiccator for about 5 years at room temperature, was kindly supplied by R. D. Costlow of Fort Detrick.
A crude preparation of Clostridium perfringens, type A, a-toxin was generously given to us by I. S. Danielson of Lederle Laboratories. Crotalus adamanteus venom was obtained from the Sigma Chemical Co., St. Louis, Mo.
The unit of protective antigen from B. anthracis has been defined in terms of specific precipitation with antiserum (Thorne and Belton, 1957) . The 359 SLEIN AND LOGAN unit of toxin of B. cereus is defined in terms of the reaction produced by intradermal injection into guinea pigs, as described by Thorne et al. (1960) for the toxin of B. anthracis.
Antisera. Antisera to B. anthracis, B. cereus, Escherichia coli, a Brucella species, and zymosan were kindly supplied by C. B. Thorne, D. M. Molnar, and C. G. Leonard of Fort Detrick. A horse antiserum (H-25) prepared with alum-precipitated crude protective antigen of B. anthracis was obtained by C. B. Thorne from F. C. Belton (Belton and Strange, 1954) . Rabbit antiserum prepared with an alum-precipitated crude lecithinase fraction of B. anthracis was given to us by R. D. Costlow. Antisera to rabbit leukocyte and bone alkaline phosphatases were prepared by repeated intravenous injection of suspensions of alum-precipitated crude cell-free extracts into chickens. Leukocytes were isolated from peritoneal exudates after intraperitoneal injection of about 50 ml of 7.6% sodium caseinate per rabbit, similar to the procedure of Sbarra and Karnovsky (1959) . The leukocytes were disrupted by treatment in a cold Raytheon sonic oscillator. Alkaline phosphatase activity of the supernatant fluid obtained after centrifugation was adsorbed with alum. Tibiae of young rabbits were chilled in ice and dissected free from muscle and other adherent tissue. The proximal epiphyseal ends were removed, weighed, and each was homogenized in 25 ml of cold distilled water for 4 min in a Virtis "45" homogenizer with the rheostat set on step 75. This treatment resulted in maximal release of alkaline phosphatase activity. The suspension was centrifuged and the supernatant solution was treated with alum to remove alkaline phosphatase for use as an antigen.
Alkaline phosphatase determination. Culture filtrate (0.5 to 2 ml) was injected into the marginal ear veins of weanling Dutch rabbits which weighed about 1 kg. Heparinized blood samples, taken before and at various times after injection, were kept in an ice bath until diluted 1 :100 with cold distilled water for alkaline phosphatase activity determinations (Slein and Logan, 1960) . Blanks for each blood sample were prepared by adding blood to the p-nitrophenylphosphate reagent after the addition of NaOH. Each blank was prepared at about the same time that the reaction of the corresponding incubated sample was stopped by the addition of NaOH. Since the absorption at 410 m,A due to blood pigments decreases with time in the strongly alkaline solutions, it is advisable to wait about 20 to 30 min after the addition of NaOH before reading the samples. By this time, absorption changes due to the blood have become relatively stable, and more accurate measurements of the p-nitrophenol reaction product may be made. Such precautions are not necessary with diluted sera or other tissue sources of phosphatase in which no significant hemolysis is evident. Phosphatase values are given in arbitrary units expressed as absorbancy X 103 with a 1-cm light path.
Leukocyte alkaline phosphatase for immunological inhibition tests was obtained by grinding the leukocytes in a small volume of water with powdered glass in a chilled mortar. The viscous suspension was centrifuged and the supernatant fluid used while relatively fresh, since the leukocyte alkaline phosphatase was unstable even when stored at 5 C or frozen.
Bone alkaline phosphatase for inhibition studies was prepared as described above. When stored frozen, the alkaline phosphatase of bone extracts became insoluble, although it remained active. Therefore, bone extracts were stored at 5 C with 1:10,000 Merthiolate as preservative. Guinea pig tibial epiphyses were extracted in the same manner as described for rabbit epiphyses. Bone alkaline phosphatase activity is expressed as absorbancy X 103 per 0.4 g, wet weight, of bone.
Lecithinase activity determinations. Phospholipase C activity was measured as described by Costlow (1958) . The results are expressed as absorbancy X 103, with 0.2 ml of trichloroacetic acid filtrate used in a final volume of 3.3 ml for the determination of acid-soluble phosphorus. Absorbancy was measured at 660 m,u with a 1-cm light path. The lecithovitellin reaction was carried out at 23 C in 10 by 100 mm tubes by mixing 0.1 ml of test solution with 1 ml of egg yolk broth similar to that described by McGaughey and Chu (1948) . Phospholipase A activity was determined as described by Hayaishi and Kornberg (1954) .
Immunological tests. Immunological inhibition of alkaline phosphatase was determined by incubating the crude leukocyte or bone extracts or phosphatasemic rabbit serum with 0.2 ml of normal chicken serum or antiserum in the presence of 2% NaCl (Hektoen, 1918) A correction was applied for the significant amount of alkaline phosphatase activity present in most of the chicken sera. Although the inhibitions were somewhat stronger when the extracts and antisera were incubated at 37 C, leukocyte alkaline phosphatase was much less stable at 37 C than at 23 C. For this reason, the lower temperature was used. The effect of antisera on phosphatasemia factor and lecithinase activity was determined by incubating test samples with rabbit or horse antisera for 30 min at 37 C. The mixtures were chilled, centrifuged at 5 C, and the clear supernatant liquid was used in the various tests.
Surgical procedures. Rabbits were maintained under Nembutal or ether anesthesia during surgery. Guinea pig blood samples were obtained from the hepatic portal vein before and 1 hr after the injection of toxin into the inferior vena eava. The abdominal organs were protected with gauze pads moistened with warm 0.9% NaCl, and were covered with warm towels while the guinea pigs were kept under ether anesthesia. Hypophysectomized rats were obtained from the Charles River Breeding Laboratories, Brookline, Mass.
Tissue slices. Proximal tibial or distal femoral epiphyses of young rabbits were sectioned with a microtome set to cut slices 120 to 160, thick. Rabbit kidneys were chilled in ice, split lengthwise, and most of the medulla removed. The cortex was sliced by hand with a razor blade. The tissue slices were immediately placed in cold Ringer-phosphate solution, pH 7.5. Slices, matched from approximately similar regions of the tissues, were placed in 3.5 ml cold Ringerphosphate solution in a series of manometer flasks. Initial 0.5-ml fluid samples were taken, and the flasks were shaken at about 100 cycle/ min at 37 C for 15 min. Samples (0.5 ml) were taken and chilled in an ice bath; 0.1 ml of 0.9% NaCl or toxin in NaCl was added to the flasks, which were then shaken for another 15 min at 37 C. Final portions were chilled and all samples were centrifuged at 5 C. The clear supernatant fluids were diluted fivefold with cold distilled water, and 0.1-ml samples were incubated for 15 to 30 min with p-nitrophenylphosphate for the determination of alkaline phosphatase activity. The tissue slices were blotted and weighed after the final liquid samples had been taken.
Scurvy. Guinea pigs weighing about 200 g were placed on a scorbutogenic diet similar to that described by Woodruff et al. (1949) . The animals began to die after about 3 weeks. Animals killed at about 3 weeks had lesions characteristic of scurvy. Control animals kept on a diet of ascorbic acid-fortified pellets, or on the scorbutogenic diet supplemented with daily oral doses of 5 mg ascorbic acid, gained weight and did not manifest scorbutic lesions. A few animals were kept on the scorbutogenic diet for 3 weeks and were then given oral doses of 25 mg ascorbic acid for 3 days before killing. Such animals were free of the gross hemorrhagic lesions visible in the muscles about the joints of all guinea pigs which had not been given the short-time ascorbic acid therapy. These results indicate the ease with which the scorbutic process may be reversed (Perkins and Zilva, 1950) .
RESULTS
Production of the phosphatasemia factor by various microorganisms. A survey of bacilli and a few other bacteria indicated that the factor responsible for the production of phosphatasemia was present in detectable amounts in unconcentrated culture filtrates of those organisms which are known to produce lecithinase (Heimpel, 1955; McGaughey and Chu, 1948; Colmer, 1948 (Slein and Logan, 1960) . It is known that B. anthracis strains do not produce as much lecithinase as do strains of B. cereus (McGaughey and Chu, 1948 the findings of Heimpel (1955) but is at variance with those of Colmer (1948) and McGaughey and Chu (1948 The development of phosphatasemia in young rabbits is proportional to the amount of the phosphatasemia factor injected. This is illustrated in Table 2 , for which a dialyzed (NH4)2SO4-precipitated preparation of a B. cereus culture filtrate was used. Proportionality is not always so good as in this particular case, but, in general, the degree of phosphatasemia is predictable.
Inhibition of the phosphatasemic response by antisera. It had been reported that antisera prepared with viable spores of avirulent B. anthracis or with purified protective antigen were not able to prevent the phosphatasemic response when mixed with culture filtrates or partially purified protective antigen before injection into rabbits (Slein and Logan, 1960 (Table 3 , tests 1 and 2).
Rabbits which had been immunized with purified protective antigen of B. anthracis were found to develop little or no phosphatasemia when injected with a less purified protective antigen which was able to elicit marked phosphatasemia in nonimmunized rabbits. Antisera obtained from the immunized rabbits, when mixed with the phosphatasemia factor before injection, failed to prevent phosphatasemia in other rabbits. The failure was probably due to the low level of the factor in the purified protective antigen used for immunization.
A similar explanation could be applied for the results obtained with horse antiserum prepared with viable spores of B. anthracis. Evidently, sufficient antibody was formed against traces of the phosphatasemia factor in the purified protective antigen to prevent action of the factor in vivo in the immunized rabbits. However, not enough antibody was present to inhibit the factor when a reasonable volume of antiserum was mixed with it in vitro before injection into nonimmunized rabbits. After obtaining these results, we tested another horse antiserum (H-25) which had been prepared by the injection of an alumprecipitated preparation of crude protective antigen of B. anthracis (Belton and Strange, 1954) . Unlike the horse antiserum to B. anthracis spores, the H-25 antiserum prevented phosphatasemia when mixed with factor obtained from either B. anthracis or B. cereus (Table 3 , test 3). In this case, the crude alum-precipitate used for immunization must have contained sufficient phosphatasemia factor to result in an antiserum which was effective in vitro. Rabbit antisera prepared with such diverse antigens as E. coli, a Brucella species, and zymosan were not effective in diminishing the phosphatasemic response.
Search for the tissue source of the phosphatasemic response. It was assumed that the increase in blood alkaline phosphatase produced by the injection of the toxic factors might result from the liberation of alkaline phosphatase from a single tissue which had high alkaline phosphatase activity. It had been found that the kidneys were not essential for the response in rabbits (Slein and Logan, 1960) . Miany surgical procedures were tested without any indication of a specific tissue source. The evisceration of rabbits, which survived for more than the hour required for Measurement of arterial-venous differences in blood alkaline phosphatase after the injection of toxin also proved of no value in locating the source of phosphatasemia. But the phosphatasemic responses of rabbits 1 to 3 days after thyroid-parathyroidectomy and of hypophysectomized rats appeared to be somewhat lower than those of normal animals. These results suggested that the centers of ossification might be involved in the response.
Besides bone, the only other likely source with high alkaline phosphatase activity to be considered was the leukocytes. It had been noted that a very marked leukopenia developed immediately after the injection of B. anthracis toxin, at the same time that phosphatasemia appeared. The possibility that the leukocytes were responsible was not ruled out, but it seemed less likely when it was found that no phosphatasemia could be detected after the intravenous injection of several substances which produced a similar leukopenia, e.g., glycogen or heat-killed E. coli cells. Furthermore, the protective antigen fraction of the toxin of B. anthracis lost most of its ability to elicit phosphatasemia, but not the ability to produce leukopenia, after it had been heated for 10 min at 100 C. The latter finding indicated that the leukopenia was not associated with phosphatasemia, but it did not rule out the possibility that leukopenia might be a prerequisite for the development of phosphatasemia in the presence of some heat-labile factor.
Immunological tests were made to determine whether or not the bones or leukocytes were involved in the phosphatasemic response. The results are summarized in Table 4 . The alkaline phosphatase activity of the phosphatasemic rabbit serum was about 50 times higher than that of normal rabbit serum and, therefore, any "normal" rabbit serum phosphatase activity present was relatively insignificant for the inhibition calculations. Cross-reactions occurred between the antisera and the bone and leukocyte alkaline phosphatases, but only the anti-bone serum was able to inhibit alkaline phosphatase activity of the phosphatasemic serum. It is possible that the leukocyte and bone extracts may have had a phosphatase antigen in common which resulted in the cross-reactions. The common antigen was different from that responsible for the antibody which inhibited the phosphatasemic serum. The latter antigen probably was an alkaline phosphatase present in the bone extract but not in the leukocyte extract. Such "isozymes" have been reported by others (Markert and M0ller, 1959; Plagemann, Gregory, and Wr6blewski, 1960) .
Since the above results suggested that bone might contribute significantly to the increase in serum phosphatase, the effect of scurvy on the phosphatasemic response of guinea pigs was tested. Scorbutic guinea pigs are known to have subnormal serum and bone alkaline phosphatase activities (Perkins and Zilva, 1950; Gould and Shwachman, 1942 (Slein and Logan, 1960) . Furthermore, it was found that a blood sample taken from a rabbit which had been injected with B. cereus toxin did not continue to show a rise in alkaline phosphatase activity when incubated at 37 C in vitro, although samples taken from the same rabbit at the same intervals of time showed a typical progressive phosphatasemia.
Since it had been assumed that the phosphatasemic response resulted from the release of alkaline phosphatase from a tissue (or tissues) which had high alkaline phosphatase activity, the effect of the toxic factor was studied with tissues in vitro. The effects of a culture filtrate of B. cereus on rabbit bone and kidney cortex slices are presented in Table 6 . The amounts of phosphatase released during the second 15-min interval in the samples A + NaCl were about half those of the first 15-min control period. The presence of a small amount of B. cereus culture filtrate increased the phosphatase liberation 9-to 15-fold over that of the NaCl-treated samples. In similar tests with rabbit leukocytes, essentially no alkaline phosphatase was released from the cells in 15 or 30 min in the absence of toxin. The amount liberated by toxin in 30 min was a Initial liquid samples were taken at 0 C and the slices were incubated in the residual 3 ml of Ringer-phosphate, pH 7.5, for 15 min at 37 C without other additions (samples A and B). Further 0.5-ml liquid samples were taken and 0.1 ml of 0.9% NaCl was added to flask A, and 0.1 ml of a B. cereus culture filtrate containing about 32 skin test units of toxin per ml was added to flask B. The flasks were shaken for 15 min longer and final samples were withdrawn for analyses.
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about 25% of that released by 0.2 % saponin, which released most of the enzyme (Cram and Rossiter, 1949) . With 0.5 ml of defibrinated rabbit blood, 0.1 ml of the toxic filtrate in a total volume of 1 ml caused only about 5% hemolysis Table 8 , sample B).
Comparison of lecithinase and the phosphatasemia factor. Evidence which indicates that lecithinase activity does not produce the phosphatasemic response in vivo or the release of alkaline phosphatase from bone slices in vitro is presented in Tables 7 and 8 . Antisera prepared with a crude lecithinase fraction of B. anthracis markedly inhibited the release of phosphatase activity, but had no effect on the lecithinase activity of the B. cereus culture filtrate used ( no phosphatasemia in rabbits, and 0.1 mg released little alkaline phosphatase from bone slices in vitro. However, 0.1 mg of the material had fairly good phospholipase C activity. C. adamanteus venom, which had good hyaluronidase and phospholipase A activities, produced no phosphatasemia when 0.5 mg was given intravenously into a rabbit. In the bone-slice test, 0.1 mg released no significant alkaline phosphatase.
The marked release of alkaline phosphatase from bone slices is catalyzed by a very small amount of protein ( Furthermore, it is now evident that the phosphatasemia factor is different from the protective antigen fraction of the toxin of B. anthracis. This has been shown by the fact that antisera to B. cereus removed the phosphatasemia factor from preparations of B. anthracis toxin without removing the line of precipitation which has been identified with protective antigen in the Ouchterlony agar diffusion method. Conversely, antisera prepared by the injection of viable spores of B. anthracis were not able to prevent the phosphatasemic response, but removed the protective antigen fraction of the toxin.
Previous inability to inhibit phosphatasemia by mixing antisera to B. anthracis with the crude phosphatasemia factor before injection appears to have been due to the presence of only trace amounts of the factor in the spores (or vegetative cells which developed in vivo) and in the purified protective antigen used for immunizations. However, an antiserum prepared with alum-precipitated crude protective antigen of B. anthracis was able to inhibit phosphatasemia almost as well as antisera prepared with B. cereus spores.
Although the phosphatasemia factor may be part of the toxic complex of B. anthracis, it is not essential for the usual lethality and skin reactions associated with the two-component toxin of the microorganism (Thorne et al., 1960; Smith et al., 1956) .
The phosphatasemia factor seemed to be associated with the lecithinase-producing bacilli. Aerating B. cereus cultures markedly inhibited the accumulation of both the phosphatasemia factor and lecithinase. Under somewhat different conditions, Kushner (1960) found lecithinase activity to be augmented by aerating cultures of B. cereus. We found that ethanol not only inhibited the production of lecithinase (Kushner, 1960) , but also the production of phosphatasemia factor activity. However, the ability of antisera to prevent phosphatasemia in vivo and the release of phosphatase from bone slices in vitro, without affecting lecithinase, indicates that the two activities are independent. This is further supported by the fact that an aged fraction of a B. cereus culture filtrate was found to have a ratio of phosphatasemia factor-lecithinase activity markedly different from a fresher preparation. Tests with commercial purified papain, trypsin, collagenase, and hyaluronidase demonstrated that these enzymes did not produce phosphatasemia or release phosphatase from bone slices when used in amounts having much more of the specific enzyme activities than was present in a crude B. cereus toxin preparation which had marked phosphatasemia factor activity. Final identification must await further purification of the phosphatasemia factor.
Immunological tests indicate that the centers of ossification may be a principal source of the alkaline phosphatase which is liberated into the bloodstream after injection of the phosphatasemia factor. This is further supported by surgical procedures which demonstrated that many other organs are not essential for the response. The results do not prove that bone is the only source. It is possible that a more or less general permeability increase of tissues occurs to contribute to the over-all phosphatasemia, but alkaline phosphatase was the only enzyme of several measured which showed an increase in the blood serum soon after injection of the toxin (Slein and Logan, 1960) . Furthermore, no increase in acid phosphatase was detectable in serum which had markedly elevated alkaline phosphatase activity (Slein and Logan, 1960) . Thus, no significant leakage of acid phosphatase occurred from the erythrocytes, which would be among the first cells exposed to the intravenously introduced phosphatasemia factor. This is in accord with the fact that no significant hemolysis was noted in serum samples prepared from phosphatasemic blood. The erythrocytes also seemed to be relatively resistant to the factor in the in vitro tests. However, the in vitro results with bone and kidney cortex slices, and with leukocytes, demonstrate that bone is not the only tissue susceptible to the lytic effects of the factor.
